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eter tip. The catheter tip has an inner lumen therethrough and
an outer portion and an inner portion with the marker band
disposed therebetween.

10 Claims, 4 Drawing Sheets
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1
TIP WITH ENCAPSULATED MARKER BAND

CROSS-REFERENCE TO RELATED
APPLICATIONS

Not Applicable

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

Not Applicable

BACKGROUND OF THE INVENTION

This invention relates generally to catheters, and more
specifically to an assembly and method that may be used for
delivering and deploying one or more implantable medical
devices, including without limitation, stents, grafts, stent-
grafts, vena cava filters, or other implantable medical devices
within a body lumen.

When advancing a catheter through a body lumen radio-
paque marker bands are sometimes contained within the tips
in order to better locate the position of the catheter during a
medical procedure.

Delivery catheters, such as disclosed in U.S. Pat. No.
6,007,543 and incorporated herein by reference, are known in
the art. Such catheters may include radiopaque marker bands
and stent securement rings as disclosed in U.S. Pat. No.
6,530,947, U.S. Pat. No. 6,315,790 and U.S. Pat. No. 6,395,
008, also incorporated by reference.

Some known catheter tips that are equipped with marker
bands are injection molded such that the outside diameter of
the marker band is molded into the tip while the interior
diameter of the marker band is exposed to an inner or
guidewire lumen. This exposure makes the marker band vul-
nerable to being dislodged or damaged while being inserted
over a guidewire or when retracting the guidewire, thereby
posing a safety hazard.

The art referred to and/or described above is not intended to
constitute an admission that any patent, publication or other
information referred to herein is “prior art” with respect to
this invention. In addition, this section should not be con-
strued to mean that a search has been made or that no other
pertinent information as defined in 37 C.F.R. §1.56(a) exists.

All US patents and applications and all other published
documents mentioned anywhere in this application are incor-
porated herein by reference in their entirety.

Without limiting the scope of the invention a brief sum-
mary of some of the claimed embodiments of the invention is
set forth below. Additional details of the summarized embodi-
ments of the invention and/or additional embodiments of the
invention may be found in the Detailed Description of the
Invention below.

A brief abstract of the technical disclosure in the specifi-
cation is provided as well only for the purposes of complying
with 37 C.F.R. 1.72. The abstract is not intended to be used for
interpreting the scope of the claims.

BRIEF SUMMARY OF THE INVENTION

In at least one embodiment, a catheter tip assembly may
comprise a marker band and a catheter tip having an inner
lumen therethrough. The catheter tip may have an outer por-
tion and an inner portion with the marker band disposed
therebetween. In at least one embodiment, the inner portion
may be constructed of a different material than the outer
portion.
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In at least one embodiment, the inner portion fully sepa-
rates the marker band from the lumen. In at least one embodi-
ment the marker band may be characterized as being encap-
sulated between the inner portion and the outer portion of the
catheter tip.

In at least one embodiment, the outer portion may be con-
structed of material selected from the group consisting of
thermoplastic polyurethane (e.g. PELLETHANE® from
Dow), polyolefin, silicone, etc.

In at least one embodiment, the inner portion may be con-
structed of material selected from the group consisting of
thermoplastic polyurethane (e.g. PELLETHANE® from
Dow), polyolefin, silicone, etc.

In at least one embodiment, the outer portion may be fused
to the inner portion.

In at least one embodiment, the catheter tip assembly may
be affixed to a catheter.

In at least one embodiment, the entire outer portion and/or
the inner portion may extend longitudinally for the length of
the marker band. In at least one embodiment, the inner portion
may be comprised of strips.

In atleast one embodiment, the inner portion does not fully
separate the marker band from the inner lumen.

In at least one embodiment, the invention is directed to one
or more methods of manufacturing a catheter tip assembly.

These and other embodiments of the invention are pointed
out with particularity in the claims annexed hereto and form-
ing a part hereof. However, for additional understanding of
the invention, its advantages and objectives obtained by its
use, reference should be made to the drawings which form a
further part hereof and the accompanying descriptive matter,
in which there is illustrated and described various embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

A detailed description of the invention is hereafter
described with specific reference being made to the drawings.

FIG. 1 illustrates a cross-sectional side view of an embodi-
ment of a catheter tip assembly inaccordance with the present
invention.

FIG. 2 illustrates a cross-sectional view of an embodiment
of an inventive catheter tip at section A-A.

FIG. 3 illustrates a cross-sectional side view of a tube and
marker band used in a catheter tip assembly disposed about a
core pin or mandrel.

FIG. 3a illustrates a cross-sectional side view of a tube and
flared marker band used in a catheter tip assembly disposed
about a core pin or mandrel.

FIG. 35 illustrates a side view of a device for flaring out a
portion of the marker band and the marker band disposed
thereon.

FIG. 3¢ illustrates a side view of a device for flaring out a
portion of the marker band and the marker band disposed
thereon and having a portion flared out.

FIG. 4 illustrates a cross-sectional side view of an embodi-
ment of a catheter tip assembly inaccordance with the present
invention.

FIG. 5 illustrates a cross-sectional view of an embodiment
of an inventive catheter tip at section B-B.

FIG. 6 illustrates a side view of a core pin or mandrel
having longitudinal grooves.

FIG. 7 illustrates a cross-sectional view of the core pin or
mandrel having longitudinal grooves.
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FIG. 8 illustrates a cross-sectional view of the core pin or
mandrel having longitudinal grooves and a marker band dis-
posed about the mandrel.

FIG. 9 illustrates a cross-sectional view of a catheter tip
assembly affixed to a catheter.

DETAILED DESCRIPTION OF THE INVENTION

While this invention may be embodied in many different
forms, there are described in detail herein specific embodi-
ments of the invention. This description is an exemplification
of the principles of the invention and is not intended to limit
the invention to the particular embodiments illustrated.

For the purposes of this disclosure, like reference numerals
in the figures shall refer to like features unless otherwise
indicated.

Referring generally to FIG. 1, a cross-sectional side view
of'a catheter tip assembly 10 is shown. The catheter tip assem-
bly 10 includes a catheter tip 20 having an inner lumen 30
such as for passage of a guidewire (not shown) therethrough.
The inner lumen 30 shown here comprises a proximal region
30a, an intermediate region 305, and a distal region 30c¢. The
lumen regions 30a, 305, and 30¢ can have the same or differ-
ent diameters. A marker band 40 can be disposed about any
portion of the lumen 30. In the embodiment shown, the
marker band is disposed about the intermediate region 305 of
the lumen 30. In at least one embodiment the proximal region
30a is sized to fit over the inner shaft of a catheter, such as
catheter 5 shown in FIG. 9. When the tip 20 is positioned over
the catheter shaft 15 in the manner shown in FIG. 9, the
intermediate region 305 can be immediately adjacent to the
distal end 6 of the catheter shaft 15. It should be noted that the
marker band 40 can also be disposed in the distal region 30c¢
and/or the proximal region 30a. It should further be noted that
one or more marker bands 40 can be positioned in the catheter
tip 10 about any or all regions 30a, 305, and 30c, or portions
thereof. Additionally, the marker band 40 can also have a
flared portion 42 as shown in FIGS. 3¢ and 3c.

The catheter tip 20, as shown in FIG. 1, comprises an outer
tip portion 25 and an inner tip portion 35. In this embodiment,
the outer tip portion 25 comprises the majority of the catheter
tip 20. In some embodiments, the inner tip portion 35 com-
prises the majority of the catheter tip 20. In some embodi-
ments the outer tip portion 25 comprises all of the catheter tip
assembly 10 except the marker bands 40 and the inner tip
portion 35. In some embodiments, the inner tip portion is a
tube, and in some embodiments more specifically a polymer
tube. In some embodiments the outer tip portion 25 is dis-
posed about a marker band 40. In some embodiments, the
marker band 40 is disposed about inner tip portion 35. FIG. 2
is a cross sectional view of catheter tip assembly 10 along line
A-A and further illustrates the outer tip portion being dis-
posed about marker band 40 and the markers 40 being dis-
posed about inner tip portion 35. In some embodiments, the
longitudinal lengths of the outer portion, inner portion, and
the marker band are different; the marker band need not
extend over the entire length of the interface between the
inner portion and the outer portion.

In at least one embodiment, the outer tip portion 25 and the
inner tip portion 35 are comprised of different materials. In at
least one embodiment, the outer tip portion 25 is constructed
of'soft, resilient polymers such as thermoplastic polyurethane
(e.g. PELLETHANE® from Dow), polyolefin, silicone,
DYNAFLEX® thermoplastic elastomers, KRATON® ther-
moplastic elastomers, etc.

In at least one embodiment, the outer tip portion 25 and/or
the inner tip portion 35 can be constructed of any suitable
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material, such as polyesters and copolymers thereof such as
those sold including polyalkylene terephthalates such as
polyethylene terephthalate (PET) and polybutylene tereph-
thalate (PBT) available under the tradename of EKTAR®
available from Eastman Chemical Co. in Kingsport, Tenn.,
polycyclohexylene terephthalate (PCT); poly(trimethylene
terephthalate) (PTT), PCTG and poly(cyclohexanedimetha-
nol-co-ethylene terephthalate) (PETG) copolyesters avail-
able under the tradename of EASTAR® available from East-
man Chemical Co., PCTA available under the tradename of
DURASTAR® available from Eastman Chemical Co., poly
(ethylene naphthalate) (PEN) polyester available from
DuPont in Wilmington, Del. under the tradename of
TEONEX®; and so forth; polyester elastomers (PEELs);
polyamides such as amorphous nylon and nylon 12 such as
those available from EIf Atochem under the tradename of
CRISTAMID® and copolymers thereof such as GRILA-
MID® TR-55-LX nylon 12 polyether-block-amide available
from EMS-American Grilon in Sumter, S.C.; polyetherim-
ides available from GE Plastics under the tradename of
ULTEM®; polystyrene and expandable polystyrene (EPS);
acrylonitrile-butadiene-styrene (ABS); styrene-acrylonitrile
(SANSs); polyphenylene sulfide (PPS); polyphenylene oxides
(PPO); interpolymers of PPO and EPS; polyetherketones
(PEEK); polyolefins such as polyethylenes and polypropy-
lenes including low, medium and high densities such as
HDPE available under the tradename of ALATHON® from
Equistar Chemicals; amorphous polyolefins; polyether-
block-amides such as those sold under the tradename of
PEBAX® available from Elf Atochem; polyimides; polyure-
thanes; polycarbonates; polyethers; silicones; as well as any
copolymers thereof. The above list is intended for illustrative
purposes only, and is not intended to limit the scope of the
present invention. One of ordinary skill in the art has knowl-
edge of such polymeric materials.

In at least one embodiment the marker band 40 comprises
radiopaque marker bands, MRI suitablemarker bands, and the
like. Marker band 40 can be of any suitable shape and desir-
ably comprises one or more circumferential bands. In at least
one embodiment, the marker band 40 is comprised of a metal.
In at least one embodiment, the metal of the marker band 40
is gold, platinum, platinum iridium, or any combination
thereof.

In at least one embodiment, the marker band 40 is not in
communication with the inner lumen 30. In some embodi-
ments such as are shown in FIGS. 1 and 2 the inner tip portion
35 can be a constructed of a single sheet of material such that
the marker band 40 is encapsulated between the inner tip
portion 35 and the outer tip portion 25. In such an embodi-
ment, the inner lumen 30 can be separated from the marker
band 40 such that the marker band does not come into contact
with the inner lumen during delivery.

In at least one embodiment, manufacturing the catheter tip
assembly 10 can include disposing the inner portion 35 on a
core pin or mandrel 50 as shown in FIG. 3. The inner portion
35 preferably extends beyond the edges of the marker band 40
such that the ends of the inner portion 35 can fuse with the
outer portion 25 when molding the catheter tip 20. In at least
one embodiment the mandrel or core pin 50 and the inner
portion 35 and marker band 40 as arranged in FIG. 3 are
placed within an injection mold 36 where the inner portion 35
then fuses with the molten outer portion 25 as the catheter tip
20 is formed.

In at least one embodiment the marker band(s) 40 can be
flared as shown in FIG. 3a. The flared portion 42 of the marker
band 40 can aid in embedding the marker band into the tip
material of a catheter tip 20 (the tip 20 shown in FIG. 1). The
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flared portion 42 can make the marker band more resistant to
dislodging as the tip is pushed against an object.

In at least one embodiment the flared portion 42 of the
marker band 40 may be formed by using a hypotube 44 having
a rounded end 46 and a hypotube 45 having a straight end 47
as shown in FIGS. 36 and 3c¢. It should be noted that any tube
or cylindrical device may be used in place of the hypotubes
and that the rounded end may alternatively be conical or
frustoconical. In some instances only one tube 44 or 45 is
used.

In FIG. 36 a non-flared marker band 40 and hypotubes 44
and 45 are disposed about a mandrel 30'. In FIG. 3¢ hypotube
44 having a rounded end 46 is rotated and moved longitudi-
nally along the mandrel 30'. The rounded end 46 can be forced
partially within the lumen of the marker band 40 and thereby
flare out an edge of the marker band 40. The marker band 40
can then be removed from the mandrel 30" and disposed about
the mandrel/pin 30 as shown in FIG. 3a.

Though not necessary, the marker band 40 can have small
holes 49 as shown in FIGS. 36 and 3¢. The holes can improve
adherence of the band 40 to a catheter tip.

In some embodiments, the inner portion 35 can be formed
at the same (or different) time as the outer portion 25. In some
embodiments, the inner portion 35 and outer portion 25 are
constructed of the same material as shown in FIG. 4. Some of
the acceptable materials are listed above beginning on line 9
of page 5.

In at least one embodiment, an example of which is shown
in FIG. 5, the inner portion 35 is comprised of strips 37 of
material extending in a longitudinal direction separated by
gaps 60. In some embodiments, the strips protect the marker
band 40 from contact with a guidewire disposed within the
lumen 30. In some embodiments, there is only one strip 37; in
other embodiments there can be a plurality of strips 37. A
single strip can be designed such that it almost completely
covers the entire marker band 40 leaving only a small gap 60.

In at least one embodiment, the strips 37 are formed when
a core pin or mandrel 50 having grooves 70, as shown in
FIGS. 6 and 7, is used during the molding of the catheter tip
assembly 10. The grooves 70 can extend the length of the
mandrel 50. In some embodiments, the grooves extend par-
allel to the longitudinal axis of the mandrel 50. In some
embodiments, the grooves swirl or spiral around the mandrel
50 or extend in some other pattern or arrangement. In some
embodiments, the grooves are intermittent and/or do not
extend for the full length of the mandrel 50 and/or the full
length of the marker band 40.

In some embodiments, the catheter tip assembly is manu-
factured by molding and including the step of disposing a
marker band 40 about the mandrel 50 having grooves 70 as
shown in FIG. 8. In at least one embodiment the mandrel 50
and the marker band 40 as arranged in FIG. 8 can be placed
within an injection mold where the molten catheter tip mate-
rial flows over the marker band 40 and within the grooves 70
ofthe mandrel under the marker band 40 to form both an outer
and inner portion of the catheter tip.

FIG. 9 illustrates a catheter tip assembly 10 affixed to the
inner shaft 15 of a catheter 5. In at least one embodiment the
catheter tip assembly 10 can be molded over a catheter inner
shaft 15 such that the catheter tip assembly bonds to the
catheter shaft. In at least one embodiment the catheter tip
assembly 10 is injection molded and then adhesively bonded
and/or thermally bonded to the catheter shaft 15. In at least
one embodiment the assembly 10 can be mechanically
engaged to the catheter 5. In at least one embodiment the
assembly 10 can be threadedly engaged.
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The above disclosure is intended to be illustrative and not
exhaustive. This description will suggest many variations and
alternatives to one of ordinary skill in this art. All these
alternatives and variations are intended to be included within
the scope of the claims where the term “comprising” means
“including, but not limited to”. Those familiar with the art
may recognize other equivalents to the specific embodiments
described herein which equivalents are also intended to be
encompassed by the claims.

Further, the particular features presented in the dependent
claims can be combined with each other in other manners
within the scope of the invention such that the invention
should be recognized as also specifically directed to other
embodiments having any other possible combination of the
features of the dependent claims. For instance, for purposes of
claim publication, any dependent claim which follows should
be taken as alternatively written in a multiple dependent form
from all prior claims which possess all antecedents refer-
enced in such dependent claim if such multiple dependent
format is an accepted format within the jurisdiction (e.g. each
claim depending directly from claim 1 should be alternatively
taken as depending from all previous claims). In jurisdictions
where multiple dependent claim formats are restricted, the
following dependent claims should each be also taken as
alternatively written in each singly dependent claim format
which creates a dependency from a prior antecedent-possess-
ing claim other than the specific claim listed in such depen-
dent claim below.

This completes the description of various embodiments of
the invention. Those skilled in the art may recognize other
equivalents to the specific embodiment described herein
which equivalents are intended to be encompassed by the
claims attached hereto.

The invention claimed is:

1. A catheter tip assembly comprising:

a catheter tip having a lumen therethrough, the catheter tip
having an outer portion disposed about a marker band
and an inner portion about which the marker band is
disposed, the inner portion comprising strips that extend
longitudinally along the length of the marker band, the
strips are separated by gaps.

2. The catheter tip assembly of claim 1 wherein the inner
portion is constructed of a material different than the material
of the outer portion.

3. The catheter tip assembly of claim 1 wherein both the
outer portion and the inner portion are constructed of a poly-
meric material.

4. The catheter tip assembly of claim 1 wherein both the
outer portion and the inner portion are constructed of material
selected from the group consisting of polyurethane, polyole-
fin, silicone, or any combination thereof.

5. The catheter tip assembly of claim 1 wherein the outer
portion is fused to the inner portion.

6. The catheter tip assembly of claim 1 wherein the inner
portion does not fully separate the marker band from the inner
lumen.

7. The catheter tip assembly of claim 1 wherein the marker
band has a flared portion.

8. The catheter tip assembly of claim 1 wherein the marker
bandis a tube having a lumen, the tube having at least one hole
in communication with the lumen.

9. A catheter assembly comprising:

a catheter, the catheter comprising an inner catheter shaft,

a marker band and a catheter tip, the catheter tip having
an inner lumen therethrough and an outer portion and an
inner portion with the marker band disposed therebe-
tween, the inner portion constructed of a different mate-
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rial than the outer portion, the outer portion fused to the
inner portion so as to encapsulate the marker band, and
the catheter tip affixed to the catheter, the catheter tip
comprising a proximal region configured and sized to fit
over the inner catheter shaft. 5

10. A catheter assembly comprising:

a catheter, a marker band and a catheter tip, the catheter tip
having an inner lumen therethrough and an outer portion
and an inner portion with the marker band disposed
therebetween, the inner portion constructed of a differ- 10
ent material than the outer portion, the outer portion
fused to the inner portion so as to encapsulate the marker
band, and the catheter tip affixed to the catheter, the outer
portion, inner portion and the marker band are defined
by different longitudinal lengths, the outer portion and 15
inner portion having an interface therebetween, the
marker band having a longitudinal length that does not
extend over the entire interface between the inner por-
tion and the outer portion, the inner portion is fused to
the outer portion encapsulating the longitudinal length 20
of the marker band.
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